We present a model for recovering the direction of heading of an observer who is moving relative to a scene that may contain self-moving objects. The model builds upon an algorithm proposed by Rieger and Lawton, based on earlier work by Longuet-Higgins and Prazdny. The algorithm uses velocity differences computed in regions of high depth variation to locate thefocus of expansion, which indicates the observer's heading direction. We relate the behavior of the model to psychophysical observations regarding the ability of human observers to judge heading direction, and show how the model copes with self-moving objects in the environment.
INTRODUCTION
Relative movement in the changing visual image provides a primary cue to the three-dimensional (3-D) structure and motion of object surfaces, and the movement of the observer relative to the scene, allowing biological systems to navigate quickly and efficiently through the environment. This paper considers two aspects of the moving observer and environment that are critical to navigation: the recovery of the 3-D direction of heading of the observer relative to the scene and the segmentation of the scene into distinct objects on the basis of spatial discontinuities in motion. With regard to segmentation, we focus on the task of distinguishing between objects that are stationary with respect to the environment and those that undergo their own self-movement.
To motivate this work, consider an observer moving rapidly through a cluttered scene toward a moving or stationary target, while avoiding obstacles in his path. The observer must continually assess his 3-D direction of translation relative to the target, in order to make constant, correct adjustments of his heading direction to maintain a trajectory toward the target. In principle, either the absolute or relative directions of translation of the observer and target could be computed, but for the purpose of tracking, the observer must at least judge reliably whether he is heading to the left or right of the target. The observer must also monitor his heading relative to object surfaces in order to detect potential collisions with stationary or moving objects in the scene.
The judgment of relative 3-D heading alone is not sufficient to support navigation. It is also necessary to *Department of Computer Science, Wellesley College, Wellesley.
MA 02181, U.S.A. locate object boundaries from discontinuities in motion or other visual properties. Such boundaries are used in many ways. First, the rapid detection of motion discontinuities quickly draws the observer's attention to regions of the image containing objects that could collide with the observer and allows the segmentation of a target from a moving background. Second, the localization of object boundaries allows an assessment of the size and shape of relevant objects in the scene. If an object is moving directly toward the observer, this information is needed to determine an appropriate avoidance movement that steers the observer clear of the approaching object. If the object is a target being tracked, knowledge of its size and shape allows an assessment of its center of mass, which can serve as the focus of the observer's approach.
Finally, segmentation is essential for computing relative heading reliably and accurately, as it allows the observer to integrate only those motion measurements contained within single objects to compute their properties of motion. Without segmentation, the computation of 3-D motion parameters can be degraded by the inclusion of motion measurements from adjacent object surfaces undergoing different motions. Patterns of movement created by multiple objects undergoing self-motion can mimic velocity patterns that normally arise in critical situations such as a directly approaching object. For example, a set of objects positioned around a circle and moving away from the center of the circle mimic the pure expansion that is characteristic of an approaching object. The detection of object boundaries from motion discontinuities allows the distinction of these situations. For obstacle avoidance, it is further useful to distinguish whether an approaching surface is stationary relative to the background, or undergoing its own motion, because self-moving objects may undergo accelerative components of motion.
